We present a random number generator that is useful for serious computations and can be implemented easily in any language that has 32-bit signed integers, for example C, C ++ and FORTRAN. This combination generator has a cycle length that would take two millennia to compute on widely used desktop computers. Based on an extensive search, we provide parameter values better than those previously available. JEL Classifications: C63; C88
I. INTRODUCTION
Economists use computer-generated random numbers in applications that range from the commonplace-simulation-to relatively novel ones-optimization and estimation (Robert and Casella 1999.) In this paper, we examine a generator that is easy to program in virtually any environment and is a generalization of one often used. We provide better parameter values than those previously available.
II. CONGRUENTIAL GENERATORS
There are a large number of pseudorandom number generators available (Niederreiter 1992, Chs. 7-10; Knuth 1998, Ch. 3.) We focus on multiplicative congruential generators in this paper. While generators such as those proposed by Marsaglia and Zaman (1991) by m. Generators such as (1) are used to produce nonnegative integers because arithmetic in integers can be exact. The integers can be transformed to decimal numbers (Monahan 1985.) 
Combination Generators
Combining congruential generators provides a powerful generalization of the multiplicative generator. . ⋅
Length of Full Cycle
The length of a full cycle, or the period, of a congruential generator is a mathematical property that can be determined analytically. For multiplicative congruential generators, the best possible full cycle of the difference equation equals the modulus less one, m-1, and the values are on (Knuth 1998, pp. 10-23.) [
Most combinations of values of the multiplier a and the modulus m do not generate sequences with the maximum possible period. Prime moduli and some multipliers can produce full cycles.
One common modulus is 2 31 -1, the largest signed integer representable in a register on many machines and in many languages. The maximum possible period of a multiplicative generator with this modulus is 2 31 -2, or about 2.15 billion. A couple of billion pseudorandom numbers is not adequate for many applications in economics and finance, a deficiency only worsened if one agrees with Knuth (1998, p. 185 ) who suggests using no more one-thousandth of a full cycle. Uses of pseudorandom numbers are likely to become increasingly demanding, and indeed, one recent study of stochastic volatilities (Kim et al., 1998) pseudorandom numbers, it would take roughly 2,000 years to generate this cycle.
The Lattice Structure of Congruential Generators
No matter how long or short their periods, congruential generators are deterministic difference equations and phase diagrams can be used to examine their behavior. The points produced by a congruential generator in two or more dimensions lie on hyperplanes. The distance between these hyperplanes varies with the multiplier, which means that some multipliers are better than others.
These insights are used in the spectral test for congruential generators (Knuth 1998, pp. 93-118; Fishman 1996, pp. 611-28; Dwyer and Williams 2000) , which finds the maximum distance in any direction between the hyperplanes for a given multiplier. This distance is summarized in a test value that indicates closer hyperplanes when the test value is higher. We have run spectral tests to determine good multipliers for the combined generator. We require that multipliers be approximately factorable (Schrage 1979) for computational reasons, which limits the multipliers considered.
Given two moduli, we performed a random search over multipliers. There are too many possible combination multipliers for an exhaustive search given available computational power and there is no regularity in the values from the spectral test. The upper part of Table 1 shows the moduli examined and the number of spectral tests for the alternative combinations of multipliers. The lack of regularity in the test values suggests sampling moduli uniformly, but we did run spectral tests for some moduli than others. We present the results of all spectral tests rather than throw away some results.
The lower part of 
Properties of Subsets
It is important to test subsets of pseudorandom numbers for apparent deviations from the desired distribution. We ran the set of tests from Knuth (1998) as implemented in Dwyer and Williams (1996) 
III. CONCLUSION
We conclude that the combination generator with our best multipliers is useful for serious computations.
The computer code available with this paper will work in any environment that has 32-bit signed integers, and a full cycle from the portable combination generator is orders of magnitude longer than simple congruential generators' cycle. We use the spectral test of the entire sequence of pseudorandom numbers from a combination generator to pick combination generators. In applications, pseudorandom generators produce subsets of these full sequences that are used as if they were draws from some distribution function. Tests on subsets of the pseudorandom numbers do not turn up any problems with the best combination generators. As a bonus, other work shows that the suggested algorithm is reasonably quick relative to alternatives (Dwyer and Williams 2000.) 1. Dwyer and Williams (2000) provide more details about congruential generators and computer code for faster generators than those suggested by Press et al. (1992, pp. 274-85) , Knuth (1998) 
